The present experiments were undertaken to explore the mechanisms of secondary brain damage in focal ischemia of long duration (2 h), followed by recirculation. Recirculation has previously been found to cause partial recovery and secondary deterioration of cellular bioenergetic state, the subsequent damage being ameliorated by a free radical spin trap, a-phenyl-N-tert-butyl nitrone (PBN), even when the drug was given 1 (or 3) h after the start of recirculation. Our objective was to assess whether the secondary deterioration of the cellular bioenergetic state is due to mitochondrial dysfunction and to study whether PBN acts by preventing secondary damage to mitochondria. Focal and perifocal (''penumbral'') tissues were sampled after 2 h of ischemia and after 1, 2, and 4 h of recirculation; at the latter two times, vehicle-and PBN-injected animals were studied, PBN being given after 1 h of recirculation. Homogenates were prepared, and stimulated (1ADP), nonstimulated (2ADP), and uncoupled respiratory rates were measured polarographically. The results were similar in focus and penumbra, albeit more pronounced in the focus. Ischemia was associated with a decrease in ADP-stimulated and uncoupled respiration rates, with a marked fall in the respiratory control ratio, defined as ADP-stimulated divided by nonstimulated respiration. Recirculation (1 h) brought about partial recovery, but continued reflow (2 and 4 h) was associated with a secondary deterioration of respiratory functions. This deterioration was prevented by PBN, given 1 h after the start of recirculation. The results raise the question whether the secondary deterioration of the cellular bioenergetic state in focal ischemia-reperfusion is due to secondary mitochondrial dysfunction and whether the amelioration of the subsequent damage by PBN is partly or wholly due to the effect of the spin trap on the mitochondria. r
INTRODUCTION
Recirculation following transient global or focal ischemia carries the potential risk of triggering secondary brain damage. This is because recirculation enhances production of reactive oxygen species (ROS) which can cause membrane damage or enzyme inactivation due to lipid peroxidation and/or protein oxidation (Floyd & Carney, 1992; Halliwell, 1992) . As reported previously, recirculation after 2 h of middle cerebral artery occlusion (MCAO) in rats causes maximal infarct volumes (Memezawa et al., 1992) . After ischemia of this duration, an initial, partial resynthesis of ATP is followed by a secondary deterioration of the bioenergetic state (Folbergrová et al., 1995) . Furthermore, a-phenyl-N-tert-butyl nitrone (PBN), a free radical spin trap, reduces the infarct size (Zhao et al., 1994) and prevents the secondary energy failure (Folbergrová et al., 1995) . These results strongly indicate that free radicals play an important role in recirculation-
